Abstract: -We use the wide-field capabilities of the 2dF fibre positioner and the AAOmega spectrograph on the Anglo-Australian Telescope (AAT) to obtain redshifts of galaxies that hosted supernovae during the first three years of the Supernova Legacy Survey (SNLS). With exposure times ranging from 10 to 60 ksec per galaxy, we were able to obtain redshifts for 400 host galaxies in two SNLS fields, thereby substantially increasing the total number of SNLS supernovae with host galaxy redshifts. The median redshift of the galaxies in our sample that hosted photometrically classified Type Ia supernovae (SNe Ia) is z ∼ 0.77, which is 25% higher than the median redshift of spectroscopically confirmed SNe Ia in the three-year sample of the SNLS. Our results demonstrate that one can use wide-field fibre-fed multi-object spectrographs on 4m telescopes to efficiently obtain redshifts for large numbers of supernova host galaxies over the large areas of sky that will be covered by future high-redshift supernova surveys, such as the Dark Energy Survey.
Introduction
The landmark discovery of the accelerating Universe more than a dozen years ago (Perlmutter et al. 1999; Riess et al. 1998 ) was made from observations of a few dozen distant Type Ia supernovae (SNe Ia). Since then, SN Ia samples have grown in size by an order of magnitude. Currently, the largest published individual sample of distant SNe Ia is the 3-year sample from the Supernova Legacy Survey (SNLS), which contains 252 SNe Ia extending out z = 1.06 (Guy et al. 2010) . The Dark Energy Survey (DES), which will discover ∼4 000 distant SNe Ia (Bernstein et al. 2011) , is yet another order of magnitude larger.
All of the SNe Ia in the 3-year SNLS sample were spectroscopically confirmed. To confirm a SN Ia at z ∼ 0.7 from its spectral features (and to obtain its redshift) typically takes about an hour of exposure time with an efficient spectrograph on an 8-10 m class telescope. These SNe are observed one at a time, as it is, at any instant, very rare to have more than one SN Ia within one week of maximum light visible within the fields of view that are available with the current generation of spectrographs on 8-10 m class telescopes. Assuming 100% efficiency, the Dark Energy Survey will need around 4 000 hours of 8-10 m class telescope time with current instrumentation to spectroscopically confirm the 4 000 SNe Ia that they will find. Clearly, this constitutes a very large request, so alternative approaches should be investigated first.
A promising yet unproven alternative is to classify SNe Ia using multi-colour lightcurves and to obtain the redshifts from host galaxies after the SNe have faded from view. The principle advantages of this alternative are that i) host galaxy redshifts can be obtained at any time, and ii) one can observe several hosts simultaneously if the number density of host galaxies is sufficiently high enough.
In this paper, we describe how we used the 2dF fibre positioner and the AAOmega spectrograph on the Anglo-Australia Telescope (AAT) to obtain redshifts of galaxies that hosted supernovae in two of the four SNLS fields. A second paper reporting the results from a 3rd SNLS field (the fourth field is not visible from the AAT) and the analysis of the three fields combined will be written once observations of that field have been taken. The current paper is divided as follows. In Section 2.1, we briefly describe the characteristics of the SNLS and explain how targets from the SNLS were selected and prioritised for spectroscopy. Then, in Section 3 and Section 4, we describe the observations and outline the steps used to process the data. In the following two sections, we describe our results (Section 5) and discuss (Section 6) how our observing strategy compares to an observing strategy in which transients are observed in real time. In the final section, we summarise our main conclusions. Unless noted otherwise, we use AB magnitudes throughout this paper.
SNLS Host Galaxies
The SNLS consisted of a rolling search of four onesquare degree fields, labeled D1 to D4, using the MegaCam camera (Boulade et al. 2003) on the CanadaFrance-Hawaii Telescope (CFHT)
1 . During dark and grey time and over a period of of 5 to 7 consecutive lunations, the fields were imaged every 3 to 4 nights in gM, rM, iM, and zM filters. The survey ran for five years, starting in 2003 and ending in 2008. Additional details on the survey can be found in Astier et al. (2006) ; Sullivan et al. (2006a) and Perrett et al. (2010) .
During the course of the SNLS, transient events were detected, classified and prioritised in real time (Perrett et al. 2010; Sullivan et al. 2006a ). The highest priority SN Ia candidates were then sent to telescopes at the Keck, ESO Paranal and Gemini Observatories for spectroscopic typing and redshifting. The spectroscopic follow-up of real-time transients are described in Howell et al. (2005) , Bronder et al. (2008) , Ellis et al. (2008) , Balland et al. (2009 ), Walker et al. (2011 and Fahkouri et al. (in preparation) .
Likely SNe Ia were prioritised according to several criteria, such as, among others, the quality of the light curve fit, the measured stretch, peak apparent brightness and light curve phase, and the ratio of the likely peak flux of the SN Ia with respect to the flux of the host (Perrett et al. 2010) . For example, SNe Ia that were likely to have a peak observer-frame iband magnitude fainter than iAB = 24.4 were not sent for spectroscopy, since these SNe were likely to be beyond z = 0.9, are difficult to confirm spectroscopically, and generally have one well-measured colour at most. The selection criteria are not treated in isolation. For example, candidates in the magnitude range 23.8 < iAB < 24.4 were only followed if the flux of the candidate was as large as the host. Due to the vagaries of telescope scheduling and weather, not all high priority targets could be observed, and on some classically scheduled nights, lower priority targets were followed once the higher priority targets had been observed.
The spectroscopically confirmed sample is about 60% complete up to z ∼ 0.6 (Perrett et al. 2010) . At this redshift, the incompleteness is mostly due to the selection criteria that are applied to the lightcurve data. Completeness then falls steadily as redshift increases. By z ∼ 1, the completeness drops to 20% and then to zero by z ∼ 1.2. The most distant spectroscopically confirmed SNe Ia in the 3-year SNLS sample is at z = 1.06 (Guy et al. 2010) .
Therefore there are as many SNe Ia detected in the SNLS that lack spectroscopy as there are SNe Ia that were spectroscopically confirmed. Furthermore, most of the untargeted SNe Ia will be at higher redshifts. These SNe Ia are now far too faint to observe spectroscopically, so they can no longer be classified in this way; however, with full light curves, many of them can be classified photometrically (Bazin et al. 2011 ).
Together with a precise measure of the redshift, which can be obtained from follow-up spectroscopy of the host, these SNe Ia can be added to the Hubble diagram and used to constrain the expansion history of the Universe, provided that the light curves are of sufficient quality and only after biases specific to both the photometric selection of the SNe Ia and the spectroscopic follow-up of the hosts are modelled and correctly accounted for.
Besides SNe Ia, the SNLS also contains a couple of hundred core-collapse supernovae (CC SNe) below z = 0.4. Since CC SNe were rarely followed spectroscopically, only a fraction of these (42 in the first three years of SNLS) were spectroscopically confirmed. As shown in Bazin et al. (2009) , photometric classification allows one to identify CC SNe and, together with a measure of the redshift, the CC SNe rate. Precise host galaxy redshifts can reduce the uncertainty of this measurement significantly. Bazin et al. (2011) reanalysed the first three years of SNLS survey and selected candidate supernovae based on the full three year light curves. Their catalogue contains 1483 candidates, of which 1233 were matched to a galaxy with a reliable photometric redshift (see Bazin et al. (2011) for details). Of these 1233 candidates, 485 were photometrically classified as SN Ia. In total, 176 of the 485 photometrically classified SN Ia were confirmed spectroscopically. None of the photometrically classified SNe Ia were confirmed to be supernovae of other types or AGNs, however, not all 485 candidates were targeted for spectroscopy during the real-time follow-up.
Target Selection
For the follow-up spectroscopy with AAOmega, we split the catalogue of 1483 candidate supernovae into five categories and assign a priority to each category. Priority 5 -the highest priority we assign to photometrically identified SNe -goes to photometrically classified SNe Ia that lack a spectroscopic redshift. Then, in order of decreasing priority were photometrically classified CC SNe without a spectroscopic redshift, candidate supernovae of unknown type with an assigned host but without a spectroscopic redshift (most objects in this priority have a reliable photometric redshift), candidate supernovae of unknown type without an assigned host and without a redshift of any kind (photometric or spectroscopic), and finally, the lowest priority (priority 1), candidate supernovae of any kind with a spectroscopic redshift. If the identity of the host was unclear, the fibre was placed at the location of the supernova. Otherwise, it was placed on the nearest host.
In addition to SN hosts, we targeted white dwarfs from Limboz et al. (2008) and from our own search of the SNLS fields, and in the 2hr field only, galaxies in X-ray selected clusters from the XMM-LSS survey (Pierre et al. 2006) . Both kinds of targets are interesting for a number of reasons related to cosmology. Hot DA white dwarfs are often used as flux calibrators. If a sufficient number of hot DA white dwarfs can be found within the supernova search fields, then an alternative and perhaps more precise method of calibrating SNe Ia fluxes would become available. These objects were given the highest priority (priority six) as we wanted to make sure that they were all allocated a fibre by the automated fibre allocation software (Miszalski et al. 2006) . At the other end of the mass scale, the number density and clustering of galaxy clusters and the evolution of these properties with redshift depend on the properties of dark energy and can therefore be used to constrain it. The number of targets in each category and their priorities are listed in Table 1 .
Fibre allocation
The 2dF fibre positioner positions fibres over a 2-degree diameter field. The absolute minimum separation between fibres is 30 and is set by the rectangular shape of the magnets that hold the fibre buttons to the metallic field plate. If the separation between a given pair of supernova hosts is smaller than the minimum permitted fibre separation, then both hosts cannot be observed at the same time. The allocation of fibres to targets is then done on the basis of this requirement, the number of available fibres and target priorities (Miszalski et al. 2006) .
From three years of SNLS data, the number of supernovae per SNLS field is slightly larger than the number of fibres that are available with 2dF. Each SNLS field has a field-of-view of 1 sq. degree, so there is the additional constraint that the fibres need to be placed within an area that is about a factor of 3 smaller than the full field available with 2dF. It is interesting to see what fraction of the fibres were allocated to supernova hosts. A fraction that is significantly smaller than 100% is an indication of significant clustering.
As an example, we compute the fraction of fibres that were assigned to supernova host galaxies for the D4 field, which has the smallest difference between the number of targets and the number of fibres. The numbers listed in Table 1 cannot be used to compute this fraction directly because multiple configurations were used for the D4 field. Instead we simply examine the fraction of fibres that were assigned in each configuration individually and average the results.
For the D4 field, there were 362 supernovae of all priorities. Out of 339 fibres available for plate one and 332 fibres available for plate zero 2 , respectively, 332 and 325 of them were allocated to supernova hosts. The remaining fibres were allocated to white dwarfs, which had higher priority than the supernova hosts. The allocation rate of fibres to supernova hosts was above 95% and would have been 100% if only the supernova hosts were targeted.
Interestingly, Carlberg et al. (2008) finds that SNe Ia are clustered more strongly than the average galaxy. A similar study for CC SNe has not been done. While there certainly were cases where two host galaxies could not be observed simultaneously because they were too close to each other, the supernova catalogue was large enough to ensure that all fibres could be used efficiently.
The field covered by the DES camera (Flaugher et al. 2010 ) is three times larger than MegaCam on CFHT, the camera used by SNLS, and is similar to the field covered by 2dF. If the number of supernova discoveries per season and per unit area is similar for DES and SNLS, then it would take only one year of searching with the DES camera to find as many supernova per pointing as there are 2dF fibres. These supernova will be spread over the entire 2dF field, so the chance of fibre collisions will be smaller than it was for the follow-up of SNLS host galaxies.
Observations
Fibres from 2dF feed AAOmega (Smith et al. 2004) , which is a bench-mounted double-beam spectrograph that is located in one of the Coudé rooms at the base of the AAT. The red and blue arms of the spectrograph are split by a dichroic. In the blue arm, we used the 580V grating: in the red arm, we used the 385R grating. The combined spectra cover the wavelength interval from 3300Å to 8840Å at spectral resolution of about 1400.
The data were taken during clear conditions. The image quality, as measured by the 2df focal plane imager, which can be positioned in front of the observing plate but behind the 2df corrector, varied between 1. 1 and 1. 7. Each fibre has a diameter of approximately 2. 1. Distortions from the corrector mean that fibres near the field edge subtend a slightly larger region than fibres in the centre. The data were collected over four consecutive nights starting on August 24th, 2011.
Each integration lasted 2500 seconds and a given configuration was observed between two to four times before switching to a new configuration. Immediately after a new configuration was tumbled into place, a fibre flat-field and a fibre arc were obtained.
Each SNLS field was configured for plate 0 and again for plate 1. Since the number of fibres for each plate are different, not all objects observed in plate 0 were also observed in plate 1 and visa-versa. Half way through the run, we processed the data that had been taken for the D4 field by that time, allowing us to re-prioritise objects that could be assigned a redshift from clearly identified spectral features.
All data were taken with the telescope pointing above an altitude of 40 degrees. The total integration times for the D1 and D4 fields were 32,500 and 60,000 seconds, respectively. The time spent on any given target, however, might have been less than this as it may have not have been allocated a fibre in all the configurations. Less time was spent on the D1 field because of time lost to cloud during the 2nd half of the 3rd night and because of the smaller number of hours the D1 field was at a suitable hour angle. At the end of each night, five 2500 second dark frames were taken.
In order to derive an estimate of the sky background, which is used in the processing of the data, 25 fibres were allocated to observe regions within the SNLS fields that were free of objects. We used version T0006 of the stacks produced by TERAPIX 3 to select these regions. These stacks reach a limiting magnitude of rAB ∼ 26, which is ∼ 4 magnitudes fainter than the median magnitude of galaxies targeted with AAOmega.
Data Reduction
We used version 4.66 of the 2dF data reduction pipeline 4 to process the data taken with AAOmega. The steps for processing data from the red and blue arms are similar although not identical. For both arms we define the spectral trace of each fibre using the fibre flat fields, then extract spectra from the science frames, arcs and flat fields, wavelength calibrate the extracted spectra from both the science data and the fibre flats, flat field the extracted spectra using the spectra from the fibre flats, and subtract the sky using the spectra extracted form the sky fibres.
For the blue arm we first subtract a dark frame from the data to reduce the impact of the bad columns in the blue detector, we remove scattered light and we do the wavelength calibration with the arc. For the red arm, we remove residuals from night sky lines using a PCA model for the residuals and we use night sky lines for the wavelength calibration.
The data from the different configurations are then coadded. Not all configurations were identical. For example, some targets were observed in one configuration but not another, and some targets were observed with different fibres in different configurations. The pipeline keeps track of the objects that each fibre targets, so coadding the spectra on an object-by-object basis is straightforward. At this stage, we use our own scripts, coded in Python and IRAF 5 , to coadd the spectra, since given the long exposure times and the large number of exposures we needed better control of selecting which spectra went into the final sum than what is currently possible with the pipeline. The final step is to splice the blue and red halves of each spectrum.
The redshifts are measured with Jan 08 version of RUNZ (Drinkwater et al. 2010 Table 2 . The flag provides additional information about each spectrum, such as the level of assessment that the redshift is correct. The reliability of these quality flags is quantified in (Drinkwater et al. 2010) , albeit in the context of their sample of highly star-forming emission line galaxies. Redshifts that have the flag set to 4 or 5 are considered to be secure, since the redshifts are obtained from at least 2 clearly identified features. Objects with the flag set to 3 have less secure redshifts. Usually, these spectra have one clear emission line, which we assume to be [OII] . Only spectra with flags 3 or higher are considered in this paper. In the following sections, we label objects that have a quality flag of 4 of 5 as objects with secure redshifts and label objects that have a quality flag of 3 as objects with probable redshifts.
Results

Redshift completeness
The percentage of targets for which we obtained a redshift with AAOmega (the completeness fraction) is generally highest in the D4 field. The amount of time observing the D4 field was almost a factor of two longer than the time used to observe the D1 field, so the higher percentage is a reflection of the longer integration time.
The completeness fraction behaves similarly for the two fields. It is highest for photometrically classified CC SNe that did not have spectroscopic redshifts and lowest for supernovae that had neither a spectroscopic redshift nor a photometric one. Hence, in what follows, we pool the results of the two fields together when analysing completeness as a function of magnitude, redshift and target type.
Histograms showing the number of galaxies with a redshift from AAOmega are shown in Figure 1 . Supernovae for which the r-band magnitude of the host was unavailable are not shown. Not surprisingly, the median redshift of galaxies with a probable redshift (the quality flag set to 3) from AAOmega is higher than the median redshift of galaxies that have a secure one. Usually, the [OII] doublet is the only line that is detected in galaxies with probable redshifts. Other lines, such as the [OIII] doublet, are not detected because either they have been redshifted beyond the red end of the spectral coverage (occurs by z ∼ 0.76) or, less often, they are too weak. At the resolution provided by AAOmega, the [OII] doublet is only just resolved, which can sometimes help in making a redshift marked as possible (quality flag 2) to one that is probable (quality flag 3).
In Figure 2 , we split the magnitude and redshift histograms according to the photometric classification (i.e. SNe Ia, SNe CC or other (see Bazin et al. 2011 , for details)). There are a couple of things to note in these histograms.
In particular, the middle histogram in the lower plot shows that about 90% of galaxies that hosted a SNe Ia at z ∼ 0.5 have either a secure redshift or a probable one. By z ∼ 1, this drops to about 50%, of which about half are secure. Not shown in this lower panel are supernovae that did not have either a spec- The blue, green and tan histograms represent all objects targeted with AAOmega, all objects with secure AAOmega redshifts (quality flags 4 or 5), and all objects with either a secure AAOmega redshift or a probable one (quality flags 3, 4 or 5). If the r-band magnitude of the host was unavailable, then the object was not plotted in the upper plot. If a spectroscopic redshift is not available for the lower plot, we use the photometric one. If neither a spectroscopic nor a photometric redshift were available, then the object was not plotted in the lower panel. The median magnitudes and redshifts of objects in the blue, tan and green histograms annotate each figure. These make up about 15% of all supernovae that were targeted with AAOmega. The median redshift of objects photometrically classified as CC SNe is lower than the median redshifts of the other two classifications. Primarily, this is driven by the absolute magnitude of CC SNe, which are, on average, about 2 mag fainter than SNe Ia. The median apparent magnitude of galaxies that hosted CC SNe is more that one magnitude brighter, leading to a relatively high completeness.
White dwarfs
In addition to allocating fibres to supernova hosts, we also allocated fibres to candidate white dwarfs and to potential cluster galaxies. We defer the discussion on the follow-up of cluster galaxies until the next section: here we discuss the selection of white dwarfs.
White dwarfs can be easily identified in SNLS data, using either their location in colour-colour plots or their relatively high proper motions. Both the D1 and D4 fields were searched for white dwarfs using both techniques. A listing of the candidates, notes on how they were found and the spectral classification that we have assigned to each of the objects are listed in Table 3 . Limboz et al. (2008) also searched the SNLS fields for white dwarfs. The criteria they use to select white dwarfs differ from ours, so their catalogue and ours are not identical. They use different cuts in colourcolour space, different magnitude limits and did not use proper motions. However, nearly all of our candidates were also found by them. The candidates in common are marked with the letter 'a' in Table 3 . Since none of the Limboz et al. (2008) candidates in the D1 and D4 fields had been spectroscopically confirmed, we assigned fibres to all but one of objects that were in their catalogue but not in ours. These objects are marked in Table 3 with the letter 'b'. Not all white dwarf candidates were targeted for spectroscopy. We avoided the brightest one from Limboz et al. (2008) because of concerns that cross talk between fibres would contaminate neighbouring spectra.
Out of 14 candidates, 12 are white dwarfs and 2 are AGN. Of the 12 white dwarfs, we classify 9 as DA white dwarfs, two as DC white dwarfs and one as a possible magnetic white dwarf (DAH). The two AGNs were both selected from their colours and were not in the sample that used proper motions in the selection criteria. At high galactic latitudes, AGN start to outnumber white dwarfs by g = 17 (Fan 1999), so they are an important source of contamination.
In Section 6.3, we discuss how DA white dwarfs might be used as an alternative means of calibrating SN fluxes.
Cluster galaxies
For the D1 field, we assembled a catalog of 13 galaxies in 3 X-ray selected clusters from the XMM-LSS survey (Adami et al. 2011) , which covers the entire D1 field. Out of 13 galaxies, 7 were assigned fibres and 6 redshifts were obtained. The results are summarised in Table 4 . Both XLSS J022404.1-041330 and XLSS J022303.3-043621 -at z = 1.05 and z = 1.22, respectively -had been confirmed with data from other facilities (Adami et al. 2011) . Our observations reconfirm the redshift of XLSS J022404.1-041330 but failed to do so for XLSS J022303.3-043621. Prior to our observations, only one galaxy redshift had been measured for XLSS J022357.4-043516 (Adami et al. 2011). Our observations add three more redshifts to this cluster.
Discussion
A comparison with the real time follow-up
It is instructive to compare the results we obtain here with the results that we obtained with the VLT during the real time follow-up of live candidates. During the final two years of the spectroscopic follow-up of candidates with the VLT, the MOS modes of FORS1 and FORS2 were used to observe both live candidates and the host galaxies of other transients that were discovered in earlier years. By the end of the SNLS survey, there were typically three to four host galaxies visible in the FORS 7 by 7 FoV.
The MOS modes of FORS1 and FORS2 consists of 38 movable blades that can be used to make 19 slits anywhere in the FORS focal plane. While there is a mode that allows pre-cut masks to be inserted into the FORS2 focal plane (called the MXU mode), this mode was not available for Target-of-Opportunity requests.
A number of targets were observed with both the VLT and AAOmega. Out of the 83 targets that were observed with both instruments, 63 have a redshift from both AAOmega and the VLT. The redshifts of all objects agree to within 0.002. The uncertainties in the redshifts from FORS1 and FORS2 are around 0.001 and are generally larger than the uncertainties in the redshifts from AAOmega.
In Figure 3 , we compare the magnitude and redshift distributions of objects that were observed with FORS1 and FORS2 with those that were observed with AAOmega. Excluding any sort of renormalisation to account for differences in exposure times, observing efficiency, and target selection, the redshift distributions are broadly similar.
The redshifts from FORS1 and FORS2 came from 66 separate MOS setups. The exposure time for a single setup was typically one hour. Summed over all setups, the total amount of time spent on the D1 and D4 fields with FORS1 and FORS2 was 240,000 seconds. The integration times that were used with AAOmega for the D1 and D4 fields were 32,500 and 60,000 seconds, respectively.
At face value, it would seem that AAOmegaa multi-object spectrograph on a 4 m class telescope -has resulted in many more redshifts than FORS1 and FORS2 -both multi-object spectrographs on 8 m class telescopes. While this is true, the difference is not as extreme as that suggested by inspecting Figure 3 , since the number of targets available for the AAOmega follow-up was about a factor of two larger than the number available for FORS1 and FORS2. Nevertheless, it is difficult to imagine that the efficiency with FORS could have been increased by more than a factor of three if we were to repeat the experiment with FORS2 with the MXU mode and with the catalogue that was used in the follow-up with AAOmega. The main reason for the difference comes from the difference in the FoV between AAOmega and FORS2. With AAOmega, we can cover the entire 1 sq. degree MegaCam field in one shot, which is 60 times the area covered by FORS2. This more than compensates for differences in telescope aperture and image quality.
While AAOmega is efficient in obtaining large numbers of host galaxy redshifts, it is not suitable for confirming SN types -which was, together with obtaining redshifts, the main aim of the observations with the VLT -over the redshift range that was probed with FORS1 and FORS2. 
Redshifts: photometry vs. spectroscopy
Photometric redshifts are often used as an alternative to spectroscopic redshifts when samples become large or when the precision and accuracy provided by photometric redshifts are sufficient for the tasks at hand. They also allow redshifts to be obtained for sources that are too faint for spectroscopy. For some future transient surveys, such as the transient survey of the Large Synoptic Survey Telescope (LSST), photometrically measured redshifts of the hosts of the transients will be the only realistic option for obtaining redshifts for most of the transients. Photometric redshifts are both less precise and less accurate (in the sense that they are biased) than spectroscopic redshifts. Up to z = 1, the precision of photometric redshifts, as measured by the normalised median absolute deviation -|∆z|/(1 + z) , (Ilbert et al. 2006 ) -is typically around 0.03. This can be compared to the level of uncertainty that is typical for redshifts that are measured spectroscopically, which is generally better than 0.001.
The lower precision appears amenable to solution by simply increasing the number of SNe Ia in the sample. The issue of accuracy is more critical, since any change in the accuracy with redshift might be interpreted as evolution in the dark energy equation-ofstate parameter.
In Figure 4 , we compare the photometric redshifts (from Ilbert et al. (2006) ) assigned to our targets with the spectroscopic redshifts measured in this paper with AAOmega. Objects with secure and probable redshifts are represented by the green and tan symbols, respectively.
To estimate the accuracy of the photometric redshifts, we compute the median difference between spectroscopic and photometric measures of the redshift in two broad redshift bins centered at z = 0.4 and z = 0.9 and plot them as blue circles in Figure 4 . The values in these two bins are 0.004 and 0.007, respectively, with uncertainties, which are estimated via bootstrap resampling, of 0.002 for both bins. In the standard ΛCDM cosmology, an offset of 0.007 in redshift at z = 0.9 corresponds to a change of 1% in luminosity, which changes the best fit value for the dark energy equation-of-state parameter by about 4%. In SN Ia samples that are currently used for cosmology, the systematic error in the dark energy equation-of-state parameter is around 6% (Conley et al. 2011; Sullivan et al. 2011) . Samples that use photometric redshifts for host galaxies instead of spectroscopic redshifts will need to manage a source of systematic error that is roughly similar in magnitude to the systematic error in current samples.
In principle, one could remove the offset in the photometric redshifts using the spectroscopic redshifts to work out the size of the offset, as we have done here. With about 160 redshifts (the number of redshifts that go into computing the location of the blue point at z = 0.9 in Figure 4 ), the uncertainty in the correction is 0.002, which at z = 0.9 corresponds to a 1% error in the dark energy equation-of-state parameter. With significantly more redshifts, the uncertainty could be made smaller still.
An interesting alternative to using redshifts of the host galaxies to determine the size of the offset, which we do here, is to use redshifts of general field galaxies, since these are more numerous. However, there may be serious limitations to this approach. At some level, the offset must depend on galaxy type. For example, the offset for galaxies with strong emission lines will be different for galaxies that lack emission lines. So estimates of the size of the offset may be erroneous if the population of galaxies that hosted SNe Ia differs from population of galaxies that is used to determine the offset.
Photometric redshifts are also prone to catastrophic failures, which lead to non-Gaussian tails in the normalised redshift deviation: ∆z/(1 + z). A commonly used definition for catastrophic failures is when the photometric redshift differs from the spectroscopic one by more than 0.15(1 + z) (Ilbert et al. 2006) . We can use our redshifts from AAOmega to make an independent measurement of the rate of catastrophic failures. Considering secure and probable redshifts together, the rate is 2.9%, which is similar to the 3.7% rate reported in Ilbert et al. (2006) .
DA white dwarfs as in-situ flux calibrators
Systematic errors now contribute as much to the uncertainty in the dark energy equation-of-state parameter as statistical errors (Conley et al. 2011; Sullivan et al. 2011; Suzuki et al. 2011) . The largest systematic error, by far, comes from calibration (Conley et al. 2011; Sullivan et al. 2011) , which in simple terms is the process of converting the observed counts in some filter to a relative flux. For the purpose of constraining cosmology, it is not necessary to know the absolute flux. DA (pure-hydrogen) white dwarfs are commonly The deviation ∆z between spectroscopic and photometric measures of redshift plotted against the spectroscopic redshift for objects with secure and probable spectroscopic redshifts (the green and tan circles respectively) . The median of the difference -in bins of width 0.5 in redshift, centered at z = 0.4 and z = 0.9 -are plotted as the large blue circles. The horizontal black line represents equality between the photometric and spectroscopic redshifts . The red lines represents the boundary beyond which the photometric redshift differs from the spectroscopic one by more than 0.15(1 + z).
used as flux calibrators. For example, the primary spectrophotometric standards of the Hubble Space Telescope (HST) are three DA white dwarfs (Bohlin 2000) . The absolute precision of the spectral energy distributions (SED) of these stars is around 1% in the optical and near-IR (Bohlin 2007). The precision of DA white dwarf models, which use spectral measurements of the effective gravity and temperature, is thought to be even greater (Allende Prieto et al. 2009 ).
The idea of extending the HST network of primary standards to more DA white dwarfs is explored in Allende Prieto et al. (2009) . From an initial sample of 598 objects from the Sloan Digital Sky Survey (SDSS), they build a sample of 57 suitable DA white dwarfs (where suitable means a sufficiently small χ 2 in the model fit to the SED, and model parameters 21000 < T ef f < 85000 and 7.1 < log g < 9) that are then analysed in more detail. This sample is then reduced to 9 after taking into account all sources of error, including extinction, which becomes important for more distant objects.
In the two one-square-degree SNLS fields that we observed, we found 4 DA white dwarfs per field down to gAB ∼ 20 (see Section 5.2). For DES (Bernstein et al. 2011) , which has a field-of-view that is three times larger, there will be ∼ 12 DA white dwarfs to this magnitude limit. For SkyMapper (Keller et al. 2007) , which has an even larger field of view, there will be around 25 DA white dwarfs in regions that have a similar galactic latitude to the DES and SNLS fields, and considerably more at low galactic latitudes.
While it is encouraging that there are a sufficient number of DA white dwarfs for one to consider the possibility of using DA white dwarfs as in-situ calibrators, the key issue is whether or not the space density of suitable white dwarfs is sufficient. Scaling from the numbers reported in Allende Prieto et al. (2009) would suggest that the answer to this is question is no. However, the needs for supernova cosmology may be less stringent, since only the relative calibration of the SED as a function of wavelength and the relative normalisation of the SEDs matters. Furthermore one can average the results over the white dwarfs that are within the field.
Selection biases
The SNLS three-year constraints on the dark energy equation-of-state parameter used SNe Ia that were discovered in real time and subsequently confirmed to be SNe Ia with spectroscopy of the supernovae near maximum light. For simplicity, we will refer to these SNe Ia as the SNLS three-year sample. The-real time discovery of candidates and the assignment of priorities for spectroscopic follow-up are described in (Howell et al. 2005; Sullivan et al. 2006a; Perrett et al. 2010) .
The criteria used to select and classify candidates in Bazin et al. (2011) differs from those used for the SNLS three-year sample . Furthermore, the spectroscopy undertaken with AAOmega is not used to confirm the supernova type, as was done for SNe Ia in the SNLS three-year sample, but to obtain the host redshift. Hence biases incurred in using a SN Ia sample that use photometrically classified SNe Ia with host galaxy redshifts (we will refer to this sample as the host-z sample) to constrain the dark energy equation-of-state will differ from the biases that affect the SNLS threeyear sample.
Perrett et al. (2010) make a detailed analysis of the biases incurred in the SNLS three-year sample due to incomplete coverage of the underlying SNe Ia population. In this section, our aim is not to extend this work to the host-z sample but to describe how the biases are likely to differ between the two samples. Nevertheless, such a study will be necessary if the host-z sample is to be used to constrain cosmological parameters.
Selection biases are incurred at three stages: the initial photometric selection of candidates, the spectroscopic follow-up, and the application of selection cuts to the fully assembled and integrated data set. We briefly discuss the biases associated to the photometric selection of candidates first, then discuss the biases associated to the spectroscopic follow-up in more detail, and end with a comment on the impact of selection cuts.
While the photometric selection of SNe Ia in the two samples differ, the nature of the selection bias is the same for both samples. Supernova are not perfect standard candles, hence magnitude limited samples (as both these samples are) will tend to select the brightest events as the magnitude limit of the survey is approached (Malmquist bias). Once assumptions are made about the properties of the parent SNe Ia population and how these properties evolve with redshift, the bias can be computed with Monte-Carlo simulations (Perrett et al. 2010) . At a given redshift, the photometric sample of Bazin et al. (2011) is less biased than the SNLS three-year sample, because it has a fainter magnitude limit.
The biggest difference between the two samples lies with the spectroscopic follow-up. For the SNLS threeyear sample, the spectroscopic follow-up can be broken into three steps: i) the real-time sample is filtered for SNe Ia that are deemed to be suitable for spectroscopy, ii) a request for spectroscopy is made and a spectrum is taken, and iii) the supernova is identified.
The bias incurred from the last step is probably the most difficult to model. One well known difficulty in positively identifying SNe Ia spectroscopically is that SNe Ia in bright hosts are more difficult to classify than SNe Ia in faint hosts. The difficulty increases with redshift. The effect is similar to that imposed by the percentage increase cut, which is used in the SNLS three-year sample. Imposing this cut at the stage of selecting which candidates go on to be observed spectroscopically makes computing the bias more tractable, as part of the bias can be modelled using the imaging data.
The bias that results from the spectroscopic followup of host galaxies in the host-z sample are different. It is generally a lot easier to obtain the redshift of a galaxy if it is bright, if it is forming stars or if it recently did so (such post-starburst galaxies may lack strong emission lines but contain clear Balmer absorption lines due to the presence of large numbers of Atype stars). If the properties of SNe Ia were indepen-dent of the properties of their hosts, then it would not matter if it was easier to get redshifts for these galaxies. However, there is ample evidence that the properties of SNe Ia do depend on the properties of their hosts. Brighter SNe Ia with broader light curves are preferentially found in star forming galaxies (Hamuy et al. 1995 (Hamuy et al. , 2000 Sullivan et al. 2006b ), and brighter SNe Ia also tend to live in more massive (and therefore brighter) galaxies (see Sullivan et al. 2010, for example) .
This selection bias might be large enough to substantially affect the accuracy of future experiments, such as the DES SN survey. However, with a sufficiently large enough sample of host galaxies, it should be possible to model the probability of getting a host redshift given the photometric properties of the host.
There is also the possibility that the wrong host galaxy is identified. Fortunately, this seems to be relatively rare. Dawson et al. (2009) show an example where the redshift of what appears to be the likely host disagrees with that of the supernova. Another interesting example is SNLS-P04D1ay from this paper. SNLS-P04D1ay was observed with FORS2 and AAOmega. Two sets of lines at different redshifts (z = 0.446 and z = 0.905) could be identified in the spectra from both instruments. This is a clear case of two galaxies along the same line of sight. A potential way to eliminate some of these events would be to exclude events in which the photometric redshift from either the supernova or the host disagrees with the spectroscopic one by an amount that does not exclude too many supernovae that have been correctly associated to their hosts.
Finally, before the fully assembled SNe Ia dataset is used for cosmology -or for other studies, such as supernova rates -selection cuts for quality are applied. Usually, this means that for every supernova there needs to be a certain number of observations with a given signal-to-noise ratio in a certain number of filters both before and after maximum light. For the SNLS three-year sample, the selection cuts reduce the number of SNe used for cosmology from 279 to 242 (Conley et al. 2011) . Similar selection cuts are applied to the host-z sample; however, these cuts usually occur during the initial selection.
Summary and Conclusions
Using the 2dF fibre positioner and the AAOmega spectrograph on the AAT, we observed 698 galaxies in two SNLS fields that hosted supernovae during the first three years of the SNLS. With integrations varying from 10 to 60 ksec per object, we obtained redshifts for 400 of them. The redshifts cover a very broad range, from z = 0.03 to z = 1.3.
The percentage of fibres allocated to host galaxies was very high. Even though the number of supernova hosts outnumbered the number of fibres by as little as 10%, we were able to allocate almost 100% of the fibres that were free to observe supernova hosts. This was achieved with the additional restriction that all the hosts were located in the central one square degree of the 2dF field-of-view.
The median redshift of photometrically classified SNe Ia in our sample is z ∼ 0.77, which is higher than the median redshift of SNe Ia in the SNLS 3-year SNe Ia sample (z = 0.61) and higher than the expected median redshift of SNe Ia in the upcoming DES supernova survey.
The DES supernova search will discover around 4 000 SNe Ia in the redshift range 0.2 < z < 1.2 over a period of approximately 5 years (Bernstein et al. 2011 ). The number of discoveries is an order of magnitude larger than the number of SNe Ia found in either the SDSS supernova survey or SNLS. Spread over 10 fields, this amounts to 400 SNe Ia per field. After five years of operation, the number of SNe Ia per DES supernova field will be similar to the number of fibres in 2dF.
Obtaining the redshifts of galaxies that hosted photometrically classified SNe with a multi-object fibre fed facility, such AAOmega on the AAT, is an efficient alternative to obtaining a spectrum of every supernova, one at a time, while it is bright enough to do so. However, before photometrically classified SN Ia samples can be used to constrain cosmology the biases in them need to be examined with the level of rigour that is currently done for spectroscopically confirmed samples.
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Appendix A1: Redshift Catalogue
The redshift catalogue is presented in Table 5 . Only galaxies that have a redshift quality flag of 3 or higher are listed. The supernovae that correspond to these galaxies are given names that follow the convention SNLS-PyyDnxx. SNLS-P is the prefix indicating that the supernova was found by Bazin et al. (2011) , yy marks the year during which it occurred, Dn marks the SNLS field in which it occurred (e.g. D1 or D4), and xx starts off as aa for the first supernova in a given year and field and increments as aa, ab, ..., az, ba, ..., etc. for new supernova. If the supernova matches an object in the real-time database (RTD), the RTD name is also given. Redshift uncertainties are generally less than 0.001. The coordinates refer to the location where the fibre was placed. In most cases, this corresponds to the supernova host. In cases where there was no clear host, the fibre was placed at the location of the supernova. a z s represents the spectroscopic redshift: z is a redshift of any kind, i.e. spectroscopic or photometric. b The priority goes from 6 (highest) to 1 (lowest). c The completeness fraction is the number of objects with a redshift quality flag of 3,4 or 5 divided by the number of objects that were targeted with AAOmega. 
